INTRODUCTION
If the major threat to man's survival is climate change then our biggest challenge is to use less fossil fuel, so reducing the release of greenhouse gases into the atmosphere. Whether we use less energy or replace fossil fuels with renewable forms our environment will change. The UK Government signed up to the Kyoto agreement (United Nations 1998) with the intention of reducing global greenhouse gas emissions by setting a national target of 60% reduction of their 1990 levels by 2050 with interim targets for 2010 and 2020. How much the uplands can contribute to meeting those goals and the impact of changes on them is open to debate.
For the purposes of this paper we will define the uplands using an environmental classification, the ITE Land Classification (Bunce et al. 1996) and examine Cumbria as an example of an area containing uplands. The Classification is derived from multivariate statistical analysis of environmental variables including altitude, climate, geology and landscape morphology and can be used to divide Cumbria into two approximately equal areas but having distinct environmental characteristics ( Figure 1 and Table 1 ). The characteristics are important in determining both the potential energy resources, and the constraints on its development and demand for its use. The Cumbrian uplands are clearly higher than the lowlands, less densely populated, have less agriculturally managed vegetation, are more controlled through designation (e.g. National Parks) and have a different underlying geology.
RENEWABLE ENERGY OPTIONS
It has been argued that there are only two forms of energy available to us, nuclear (including solar energy, past and present) and gravity (Jaccard 2006) , and these will vary depending on location. It appears obvious that the uplands will have greater capacity to provide energy from gravity (e.g. hydro Figure 1 The upland and lowland areas in Cumbria. The map represents a classification of 1 kilometre squares into two groups with the uplands in darker grey power) while natural nuclear (sun, wind, etc.) is likely to be more evenly balanced. Neither of these statements is as true as it initially sounds. The energy generated through gravitational pull is the same everywhere, but the uplands have a greater trajectory. However, what falls in the uplands generally flows out into the surrounding lowlands taking its energy with it, while sunlight is more likely to be blocked by cloud on hillsides and there is increased natural shade; the temperature is lower at increased altitude so reducing vegetative growth; and wind may be more turbulent due to complex landforms. Different energy options are described below identifying the unconstrained resource capacity, the useable capacity and that which is currently used.
Wind
The ideal conditions for turbine location are consistent wind of moderate strength (between force 3 and 10 on the Beaufort scale). Wind maps (e.g. the DTI Wind Speed Database (DTI 2006)) show that the Cumbrian ridges have the highest wind strengths, but shield their lee, forming areas of wind shadow. Although the database does not include factors such as surface roughness or topography, the uplands have marginally more wind than the lowlands with an average windspeed of 6.3 m s −1 compared to the lowlands 5.9 m s −1 ; they also have more variable average speeds per kilometre square. The flatter plains of the Solway and Furness Peninsula, being on the windward side have an intermediate wind strength.
The major constraint for onshore turbine deployment is planning consent. To obtain permission factors including disruption of radar and nature conservation (e.g. bird strikes), safety and noise are considered. Designation of landscapes for visual or cultural character appears, at present, to be a block on turbines. The Cumbrian uplands therefore are more restricted than the lowlands (Table 1) , with twice as much land in the lowlands unconstrained by designation (1952 km 2 as opposed to 945 km 2 ). Of the existing eleven wind farms in Cumbria only Lambrigg lies within the upland mask.
Bioenergy
There are a variety of forms of bioenergy available, ranging from specifically grown energy crops (including short rotation coppice (SRC)), through different forms of waste (agricultural, forestry, industrial and domestic) to decay products (landfill and sewage gas). As an example, we are considering only the growth of willow SRC; there are two parts to the exploitation of bioenergy: first, the supply chain that generates the feedstock, then a conversion process that produces energy in a usable form. Vegetation productivity is determined by environmental conditions (soil, hydrology and climate) and yields can be predicted (Bunce et al. 1981) . The average productivity is over three times higher in the lowlands and, taking available land into account, total productivity is higher than in the uplands. However, bioenergy production using bespoke crops is land hungry and much of the land in the lowlands is currently under commercial management (predominantly agriculture) while the uplands are less intensively managed. For large-scale development the uplands may offer a better option, but once again planning consent may prove to be a barrier. Problems arise not only through alteration of land use, but also the need for a conversion facility. In Devon, a proposal for a biomass power plant was refused by the council, in part because of the impact on transport and the wider environment (Torridge District Council 2006) .
A more sustainable option is the growth and harvesting on a smaller scale to feed combined heat and power (CHP) systems designed to support individual farmsteads or small hamlets. The gains in efficiency in capturing heat rather than concentrating on electricity, and the benefits of local 
Hydro power
Hydro power conjures images of large dams and flooded catchments. The potential to expand the use of this form of power generation by new build is virtually non-existent. However, there are two options: (i) development of existing dam systems, and (ii) deployment of small-scale and low-head hydro facilities. Cumbria's Lake District is named after its water bodies, a number of which were created by damming. The purpose of the dams was various: for drinking water, to power water wheels and mills, whilst others were for landscape reasons. All should be assessed for the potential to generate energy. The Cumbrian uplands have four times the number of dams found in the lowlands (61 compared with 14 -identified from Ordnance Survey data). Low-head hydro systems operate by extracting energy from streams and rivers by either installing devices in-stream or diverting a small proportion of the flow through a turbine with minimal environmental impact. The power generated is more available than other renewable energy forms (depending on the flow characteristics, it can provide energy 24 hours a day and 365 days a year), but the scale of development is in smaller units (individual households to small hamlets).
Although the devices are unobtrusive, planning consent may still be a problem as the Environment Agency has to issue an Abstraction Licence (Environment Agency 2006). Conservation of habitats and species (e.g. the threatened native crayfish, Austroprotomobius pallipes, which is found in south Cumbria) is important in constraining development, but where flow has already been modified (e.g. by a weir) approval should be easier to gain.
There are approximately twice as many weirs in the lowlands as in the uplands (293 compared with 190) . Different strategies for exploitation in the two landscapes should be explored.
EXISTING CARBON STORES
Man is not the only agent capable of releasing greenhouse gases. The carbon captured by plants through photosynthesis may be released through respiration (by plants and animals) or sequestered for a longer period in wood or soil. The largest deposits of carbon in the biosphere are in the soil and predominantly in peat (Milne and Brown 1997) . Peat formation through the partial decay of vegetation under bogs has taken several millennia and historically provided a source of fuel through turbary. In Cumbria, 90% of the land dominated by peat soils is in the uplands, although it covers only about 20% of the area. The value of peat bogs, both for nature conservation and carbon management, is now recognised.
Unfortunately, peat may be threatened by more than man's activities in drainage and land use. Climate change is expected to lead to higher temperatures and changed precipitation. Humification, the process that produces peat, requires water-logging and is most common at higher latitudes where temperatures are cooler. If peat dries, it will erode, oxidise and release its carbon; dry peat can also burn, smouldering for long periods and releasing large quantities of carbon dioxide (Page et al. 2002) .
The condition of our peat needs to be monitored and if it is not capable of persisting or regenerating under a modified climate, decisions need to be made about its management. If water cannot be supplied or guaranteed, drastic action may need to be taken either sealing or burying the ecosystem to lock the carbon in. A more controversial option may be to harvest the peat and use it for power generation with carbon capture and storage.
CONCLUSIONS
The paper asks if the uplands will be a source or sink for energy and greenhouse gases. The answer is either or both, depending upon how the environment changes and our management strategy. The uplands are not an obvious choice for large-scale renewable power generation; their unconstrained capacity differs from the lowlands, although not always markedly so, but constraints severely limit opportunities. We should encourage upland communities to capture their own energy locally at a small scale and this may need modification of the planning legislation.
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